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Arrangement for cooling exhaust gas and charge air 

• i, - 

5 The invention relates to an- arrangement for cooling 
exhaust gas and charge air in a motor vehicle with a 
turbocharger according to the preamble of claim 1 and 
to a method of cooling exhaust gas and charge air 
according to the preamble of claim 11. 

10 

According to the prior art, the power of engines is 
increased using turbochargers to compress the air. 
However, this involves heating the air, referred to 
hereinbelow as charge air, to temperatures of above 

15 100 °C owing to the compression in the turbocharger. To 
reduce such air heating use is made of air coolers 
which are arranged at the front of the cooling module 
and serve for cooling the charge air. The charge air 
here flows through a heat exchanger, which is traversed 

2 0 by outside air and is thus cooled. This makes it 
possible to cool the charge air to a temperature which 
is about 15-50 K above the temperature of the outside 
air. Under part load, it is possible to cool this 
charge air to virtually the outside temperature, but 

2 5 the recirculated exhaust gas leaves the exhaust gas 

recirculation cooler at a temperature between 150 and 
200°C depending on the operating point. This results, 
particularly at high exhaust gas recirculation rates, 
in a relatively high mixing temperature in the intake 

3 0 pipe. The reason for this is that the recooling medium 

used for the exhaust gas cooler is the hot engine 
coolant, which means that it does not appear possible 
to cool the exhaust gas to below 100 °C even when the 
exhaust gas cooler has a very good degree of exchange. 

35 

DE 103 51 546 Al , which is a subsequent publication, 
proposes lowering the high temperature of the 
recirculated exhaust gas by using a further exhaust gas 
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recirculation cooler which can be cooled with low 
temperature coolant or outside air and is connected 
downstream of the first exhaust gas cooler which is 
cooled with engine coolant. After mixing the exhaust 
5 gas and charge air, the temperature here cannot be 
sufficiently lowered as a result of the cooling of the 
recirculated exhaust gas stream provided by the engine 
oil, so that this has a disadvantageous impact on the 
emissions and the consumption of a diesel engine. 

10 

If an additional cooler for the exhaust gas stream is 
provided which is cooled with low temperature coolant 
or outside air, the production costs for the 
arrangement increase significantly . 

15 

If, after combining the exhaust gas and the charge air, 
the gas stream is passed over a cooler, the arrangement 
becomes more cost-effective, although in this variant 
the particles in the exhaust gas stream give rise to a 
20 pollution problem which, given the desired heat 
transfer capacity, is not settled. 

Figure 3 shows by way of example a prior art 
arrangement with direct charge air cooling and figure 4 
2 5 shows by way of example a prior art arrangement with 
indirect charge air cooling. 

It is an object of the invention to improve an 
arrangement of the initially mentioned type such that, 
30 while minimizing production costs, optimum cooling of 
the gas mixture composed of recirculated exhaust gas 
and charge air is to be made possible. 

This object is achieved by an arrangement having the 
35 features of claim 1. 

According to the invention, an arrangement for cooling 
recirculated exhaust gas and charge air in a motor 
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vehicle with a turbocharger, comprising at least one 
heat exchanger for the exhaust gas stream and one heat 
exchanger for the charge air stream, is provided, at 
least one heat exchanger for the exhaust gas stream and 
5 one heat exchanger for the charge air stream being part 
of a common low temperature coolant circuit . 

The two heat exchangers are preferably connected in 
parallel in the low temperature coolant circuit, with 

10 the coolant being distributed as required, i.e. coolant 
. will flow in particular through the exhaust gas cooler 
at low engine load/speed and in particular through the 
charge air cooler at high engine load/speed. In the. 
case of maximum engine load/speed, coolant will 

15 preferably flow exclusively through the charge air 
cooler. 

To circulate the coolant, a pump is arranged in the low 
temperature coolant circuit, this pump preferably being 
20 a switchable and, if appropriate, also a controllable 
pump . 

The pump is preferably arranged upstream of the branch- 
off of the low temperature coolant circuit, with the 

2 5 result that both branches of the low temperature 

coolant circuit can be optimally supplied with coolant. 

To control the coolant stream in the low temperature 
coolant circuit, a throttle member, preferably a 

3 0 throttle valve, is preferably arranged in one of the 

two parallel -connected regions of the low temperature 
coolant circuit. This member is preferably arranged at 
the coolant outlet in the section downstream of the 
charge air cooler, since the outlet temperature of the 
35 coolant leaving the charge air cooler is a function of 
the engine loading, which means that simple 
temperature -dependent control is possible, preferably 
via an expansion element. 
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The invention will be explained in detail below by way 
of an exemplary embodiment, together with its variants, 
with reference to the drawing, in which: 

5 

figure 1 shows a schematic representation of an 
arrangement according to the invention 
for cooling exhaust gas and charge air 
in a motor vehicle according to the 
10 exemplary embodiment, 



figure 2 shows a schematic representation of the 
profile of the quantity of heat to be 

15 removed in the charge air cooler and 

exhaust gas cooler over the engine load, 
the maximum cooling power in a 
conventional arrangement being compared 
with an arrangement according to the 

2 0 invention, 

figure 3 shows an arrangement with direct charge 
air cooling according to the prior art, 
and 



2 5 



30 



35 



figure 4 shows an arrangement with indirect 
charge air cooling according to the 
prior art. 

An arrangement A for cooling exhaust gas AG and charge 
air LL in a motor vehicle with an (exhaust gas) 
turbocharger ATL comprises a main coolant circuit HK 
and a secondary coolant circuit NK, which will be 
disclosed in more detail at a later point. 

Outside fresh air FL (indicated in figure 1 by an 
arrow) is sucked in and compressed by the turbocharger. 
ATL, cooled in a charge air cooler LLK and fed to an 
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engine M. Exhaust gas AG recirculated via an exhaust 
gas recirculation system AGR and cooled by means of an 
exhaust gas cooler AGK is fed to the engine M together 
with and as a mixture with the compressed, cooled 
5 charge air LL, this exhaust gas being, as required, 
branched off from the exhaust gas stream after leaving 
the engine M, recirculated and admixed with the charge 
air LL or removed (indicated by an arrow in figure 1) . 

10 The engine is cooled by means of a coolant which 
circulates in the main coolant circuit HK and which is 
circulated via a main water pump HWP. Depending on the 
temperature after flowing through the engine M, the 
coolant, controlled by a thermostat T, is conducted 

15 through a main coolant radiator HKK, which is air- 
cooled with the assistance of a fan L, or past this 
cooler through an engine bypass MB and back to the pump 
HWP. 

2 0 The charge air LL and the exhaust gas AG are cooled by 

means of a coolant which circulates in the low 
temperature coolant circuit NK and which is circulated 
by a switchable auxiliary water pump ZWP . Provided 
shortly downstream of the pump ZWP is a branch-off, 
25 with one path leading via the exhaust gas cooler AGK 
and the second path leading via the charge air cooler 
LLK and via a subsequently arranged temperature- 
controlled throttle valve DV which serves for 
controlling the distribution of coolant. The two 

3 0 coolant streams are then recombined and flow through a 

low temperature coolant radiator NKK, which is arranged 
in parallel upstream of the main coolant radiator HKK 
as viewed in the direction of airflow, and once again 
reach the pump ZWP . 

35 

As can be seen from figure 2, the cooling requirement, 
i.e. the quantity, of heat to be removed, increases in 
the charge air cooler LLK as the engine load increases, 
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while the cooling requirement of the exhaust gas cooler 
AGK is at a maximum in the medium engine load range and 
drops back to about zero as the engine load increases 
further, resulting in an overall cooling requirement 
5 which constantly increases up to about 50% engine, load 
and remains approximately at the maximum value. 

Since the cooling temperature at the coolant outlet of 
the charge air cooler LLK is a function of the engine 

10 load, the throttle valve DV, in the present case an 
expansion element, makes it possible in a simple and 
cost-effective manner to achieve a substantially 
optimum distribution of the coolant stream between the 
two coolers AGK and LLK, which means that the coolant 

15 mainly flows through the exhaust gas cooler AGK at low 
to medium engine loads and speeds, whereas coolant 
mainly flows through the charge air cooler LLK in the 
full load range and at high speeds, and overall the 
temperature of the mixture composed of recirculated 

2 0 exhaust gas AG and charge air LL comes very close to 
the minimum which can be achieved. 

According to an alternative embodiment, a throttle 
member is arranged in the exhaust gas recirculation 

25 system AGR or at another point of the charge air 
circulation system. Here, the coolant temperature at 
the outlet of the exhaust gas cooler AGK and of the 
charge air cooler LLK is respectively measured by means 
of a sensor, for example, and the throttle member is 

30 activated by means of a correspondingly defined logic 
device. 

Furthermore, it is possible instead of the switchable 
auxiliary coolant pump ZKP provided according to the 
35 exemplary embodiment to provide a controllable 
auxiliary coolant pump. This allows the volumetric flow 
of the coolant to be adapted more precisely to the 
current requirement; however, the costs for a 



WO 2005/073535 PCT/EP2005/000970 

- 7 - 

controllable pump and the corresponding control unit 
are in certain circumstances higher than the costs of a 
more simple pump. 

5 As a third variant, it is also possible to arrange the 
heat exchangers in series in the low temperature 
coolant circuit; however, this requires preheating the 
coolant as it enters the second heat exchanger arranged 
downstream due to the thermal load of the first heat 

10 exchanger, which, by comparison with the parallel 
arrangement of the heat exchangers, leads in certain 
circumstances to an increased temperature of the gas 
mixture. In this case, a coolant bypass which can 
preferably be controlled via a throttle member may for 

15 example be provided on the first heat exchanger. 

Within the context of the present invention, the 
exhaust gas recirculation may take place on the high 
pressure side or on the low pressure side of the charge 
20 air or exhaust gas circulation system, as respectively 
viewed from a turbocharger . 

Figure 5 shows an exemplary embodiment of the present 
invention in which the exhaust gas is recirculated on 

25 the high pressure side of the exhaust gas 
turbocharger 1. Fresh air 2 is sucked in by the pump 5 
of the exhaust gas turbocharger 1 and compressed. Heat 
which is generated in the process is passed to a charge 
air cooler 3, with the result that the charge air is 

3 0 fed in the cooled state to the engine 4 via the charge 
air line 6. The exhaust gas 7 of the engine 4 is 
removed from the engine 4 via an exhaust gas line 8 and 
drives a turbine 9 of the exhaust gas turbocharger 1 . 

35 At least in some operating states of the engine 4, a 
portion of the exhaust gas 7 is fed via an exhaust gas 
recirculation line 10 to the charge air in the charge 
air line 6. Two exhaust gas coolers 11, 12, which can 
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be bypassed via a bypass line 13,. are situated in the 
exhaust gas recirculation line 10 for the purpose of 
two-stage exhaust gas recirculation cooling. During a 
heating-up phase of the engine .4, for example, reduced 
5 cooling of the recirculated exhausts-gas is desired, 
which means that in this case a valve 14, preferably in 
the form of a bypass valve, diverts the exhaust gas to 
be recirculated into the bypass channel 13. According 
to a preferred embodiment, the valve 14 is designed as 
10 a three-way valve and also controls the recirculated 
quantity of exhaust gas. 

A main cooling circuit 15 for cooling the engine 4 is 
traversed by a coolant which is circulated by a main 
15 coolant pump 16 and is cooled by a main coolant 
radiator 17, the main coolant radiator 17 being able to 
be bypassed via a bypass line 19 by means of a valve 
18, preferably designed as a thermostat. 

2 0 A low temperature cooling circuit 2 0 for cooling the 
charge air cooler 3 is traversed by a coolant which is 
circulated by an auxiliary coolant pump 21 and is 
cooled by a low temperature coolant radiator 22, the 
low temperature cooler 22 and the main coolant radiator 

25 17 being traversed successively by cooling air 23 which 
in turn is sucked in by a fan 24 in some operating 
states . 

The first stage of the two- stage exhaust gas 
30 recirculation cooling is formed by the exhaust gas 
cooler 11, which is integrated into the main cooling 
circuit 15 parallel to the engine 4 and serves for 
transferring heat from the exhaust . gas to be 
recirculated to the coolant in the main cooling circuit 
35 15 . 



The second stage of the two- stage exhaust gas 
recirculation cooling is formed by the exhaust gas 
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cooler 12/ which is integrated into the low temperature 
cooling circuit 2 0 parallel to the charge air cooler 3 
and serves for transferring heat from the "exhaust gas 
to be recirculated to the coolant in the low 
5 temperature cooling circuit 20. More effective cooling 
of the exhaust gas to be recirculated is thus possible. 

In a similar way to what is shown in figure 1, a 
controllable throttle valve can be arranged downstream 
of the exhaust gas cooler 12 or downstream of the 
charge air cooler 3. In the exemplary embodiment shown, 
the throttle valve is designed as a three-way valve 27, 
which allows passage either only to coolant from the 
exhaust gas cooler 12 or only to coolant from the 
charge air cooler 3 or preferably steplessly regulates 
a quantitative proportion of the two coolant streams, 
for example as a function of the coolant temperature, 
in particular with the aid of an expansion element. In 
other exemplary embodiments, there is provided, instead 
or in addition, a fixed throttle downstream of at least 
one of the two heat exchangers, which throttle may in 
certain circumstances also be dispensed with if, for 
example, a pressure drop on the coolant side across the 
exhaust, gas cooler 12 is in a predetermined ratio to a 
pressure drop on the coolant side across the charge air 
cooler 3. In this case, the aforementioned quantitative 
proportion is adjusted to an appropriate value. 

Figure 6 shows an exemplary embodiment of the present 
3 0 invention in which the exhaust gas is recirculated on 
the low pressure side of the exhaust gas turbocharger 
101. At least in some operating states of an engine 
104, fresh air 102 is mixed with recirculated exhaust 
gas and sucked in and compressed by the pump 105 of the 
35 exhaust gas turbocharger 101. Heat which is generated 
in the process is passed in a charge air cooler 103 to 
a coolant, with the result that the charge air in the 
cooled state is fed to the engine 104 via the charge 



15 



20 
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air line 106. The exhaust gas 107 of the engine 104 is 
removed from the engine 104 via an exhaust gas line 108 
and drives a turbine 109 of the exhaust gas 
turbocharger 101. 

At least in some operating states of the engine 104, a 
portion of the exhaust gas 107 is, by means of an 
exhaust gas recirculation valve 125, admixed with the 
intake air 102 via an exhaust gas recirculation line 
110. Two exhaust gas coolers 111, 112 are situated in 
the exhaust gas recirculation line 110 for the purpose 
of two- stage exhaust gas recirculation cooling. 
Provided on the high pressure side is a bypass line 113 
via which, by means of a bypass valve 126, a portion of 
the exhaust gas can be fed to the charge air line 106 
without specially provided cooling. During a heating-up 
phase of the engine 104, for example, reduced cooling 
of the recirculated exhaust gas is desired, which means 
that in this case the bypass valve 12 6 diverts the 
exhaust gas to be recirculated into the charge air line 
106. The exhaust gas here is recirculated on the high 
pressure side, on which the exhaust gas temperature is 
higher than on the low pressure side, in order that as 
little heat as possible is lost in the relevant 
operating state of the engine 104. 

A main cooling circuit 115 for cooling the engine 104 
is traversed by . a coolant which is circulated by a main 
coolant pump 116 and is cooled by a main coolant 
radiator 117, . the main coolant radiator 117 being able 
to be bypassed via a bypass line 119 by means of a 
valve 118, preferably designed as a thermostat. 

A low temperature cooling circuit 12 0 for cooling the 
charge air cooler 103 is traversed by a coolant which 
is circulated by an auxiliary coolant pump 121 and is 
cooled by a low temperature coolant radiator . 122 , the 
low temperature cooler 122 and the main coolant 
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radiator 117 being traversed successively by cooling 
air 123 which in turn is sucked in by a fan 124 in some 
operating states. 

5 The first stage of the two-stage exhaust gas 
recirculation cooling is formed by the exhaust gas 
cooler 111, which is integrated into the main cooling 
circuit 115 parallel to the engine 104 and serves for 
transferring heat from the exhaust gas to be 
10 recirculated to the coolant in the main cooling circuit 
115. 

The second stage of the two-stage exhaust gas 
recirculation cooling is formed by the exhaust gas 

15 cooler 112, which is integrated into the low 
temperature cooling circuit 12 0 parallel to the charge 
air cooler 103 and serves for transferring heat from 
exhaust gas to be recirculated to the coolant in the 
low temperature cooling circuit 120. More effective 

20 cooling of the exhaust gas to be recirculated is thus 
also possible here. 

In a similar way to what is shown in figure 1, a 
controllable throttle valve can be arranged downstream 

2 5 of the exhaust gas cooler 112 or downstream of the 

charge air cooler 103. In the exemplary embodiment 
shown, the throttle valve is designed as a three-way 
valve 127 which allows passage either only to coolant 
from the exhaust gas cooler 112 or only to coolant from 

3 0 the charge air cooler 103 or preferably steplessly 

regulates a quantitative proportion of the two coolant 
streams, for example as a function of the coolant 
temperature, in particular with the aid of an expansion 
element. In other exemplary embodiments there is 
35 provided, instead or in addition, a fixed throttle 
downstream of at least one of the two heat exchangers, 
which throttle may in certain circumstances also be 
dispensed with if, for example, a pressure drop on the 
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coolant side across the exhaust gas cooler 112 is in a 
predetermined ratio to a pressure drop on the coolant 
side across the charge air cooler 103. In this case, 
the aforementioned quantitative proportion is adjusted 
to. an appropriate value. 
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